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Objectives. The clinical status and exercise assessment of adult 
patients late after the Fontan operation were reviewed to deter- 
mine cardiovascular function. 
Background. The Fontan operation is the final operation for 
many patients with tricuspid atresia or a single ventricle. 
Follow.up reports describe most patients to be in Canadian 
Cardiovascular Society functional class I or II. Objective mea- 
sures of cardiac performance in the pediatric age group have 
shown significant dysfunction. 
Methods. Forty-seven adult patients were seen late after the 
Fontan operation at the Toronto Congenital Cardiac Centre for 
Adults. Thirty of these underwent cycle ergometry to determine 
maximal exercise capacity. Maximal ventilation, maximal oxygen 
uptake and anaerobic threshold were determined from a ramp 
exercise protocol. Ejection fraction at rest and during exercise was 
measured with gated radionuclide angiography. Results were 
compared with those of eight normal volunteers. Results are given 
as mean +- SD. 
Results. Thirty patients underwent cardiopulmonary exercise 
testing 6.7 _+ 3.9 years after a first Fontan operation. Clinically 
93% were in functional class I or II. The Fontan group patients 
had a significantly lower maximal work load (548 + 171 vs. 
1,094 ± 190 kilopond-meters, p < 0.00001), anaerobic threshold 
(11.2 + 2.9 vs. 23.6 ± 4.6 mFkg per min) and maximal oxygen 
consumption (14.8 ± 4.5 vs. 42.1 -+ 10.0 mUkg per min). Systemic 
ventricular ejection fraction was lower at rest (38 - 12% vs. 58 +- 
7%) and during exercise (40 -+ 15% vs. 70 ± 8%). 
Conclusions. Despite a clinical impression of good function, by 
objective measures adult patients continue to have significant 
cardiovascular limitation late after the Fontan operation. 
(J Am CoU Cardioi 1995;26:1016-21) 
The Fontan procedure, which was developed for palliation of 
tricuspid atresia (1), is often the final surgical procedure for 
both tricuspid atresia and a univentricular heart. Postsurgical 
follow-up reports (2-8) have demonstrated extended survival 
accompanied by a certain degree of morbidity, mortality and 
reoperation. Despite reports of good clinical functional status 
in patients after Fontan repair, objective measures of v ntric- 
ular function (9,10) and the response of patients to exercise 
(11-17) have shown significant limitation when compared with 
those of a normal population. However, the majority of 
patients undergoing the Fontan operation are in the pediatric 
age group at the time of operation. There is very little 
corresponding information in adults with the Fontan proce- 
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dure. Early surgical reports (2,3) suggested that th re is an 
increased surgical riskfor patients <4 or >16 years old at time 
of operation. This concept has been superseded by recent 
reports of good surgical results in adult patients (5,6,18). 
Long-term postsurgical follow-up also suggested a possible 
deterioration i  functional capacity in patients followed up for 
10 to 15 years after operation (4). Therefore, information on 
the long-term follow-up of functional capacity in adult patients 
with e Fontan procedure is warranted. 
In the present study we assessed a group of ad lt patients 
(->18 years old) who had a previous Fontan procedure. We 
prospectively determined th  subjective and objective mea- 
sures of cardiopulmonary performance and ventricular func- 
tion in these patients versus a group of age-matched control 
subjects. 
Methods  
Patients. Forty-seven patients with a previous Fontan op- 
eration have been followed at the Toronto Congenital Cardiac 
Centre for Adults since March 1989 (mean [+SD] age 
at follow-up 25.7 _+ 6.3 years; 26 men, 21 women). The patients 
were seen an average of 6.7_+ 3.9 years after the initial Fontan 
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operation. Mean age at the time of operation was 19.0 _+ 7.8 
years (range 8 to 40). The underlying anatomy included 25 
patients with tricuspid atresia (19 with type I, 6 with type 11).
There were 22 patients with a univentricular connection (9 
with double-inlet ventricle, 2 with double-inlet right ventricle, 
2 with crisscross heart, 5 with complex forms of transposition, 
4 with other forms of complex single ventricle). For patients 
with univentricular connections, the dominant ventricle was 
morphologically left in 15 patients and right in 7. At operation, 
33 patients had a right atrial to pulmonary artery connection, 
only two of which included a valve in situ; 12 patients had  
valved right atrial to subpulmonary ventricular connection; 2 
patients with azygous continuation had a superior vena c va to 
pulmonary artery connection. Patients followed at the Toronto 
Congenital Cardiac Centre for Adults were enrolled in the 
follow-up program. 
Eight age-matched sedentary male subjects (mean [_SD] 
27.6 _+ 3.5 years, range 24 to 33) formed the control group for 
comparison of exercise variables. 
Follow-up program. Clinical assessment. Clinical assess- 
ment of all patients included history, physical examination nd 
symptomatic status assessment according to Canadian Cardio- 
vascular Society functional class (19), usually on a yearly basis. 
Patients underwent standard 24-h ambulatory electrocardio- 
graphic (ECG) monitoring using either Cardiodata PR3 or 
Oxford MR4 monitor systems. The majority of tapes were 
analyzed with Cardiodata Mark 4 system; a few tapes were 
analyzed with either the Oxford Excel or Marquette Electron- 
ics SXP Analysis System. Underlying rhythm, frequency of 
atrial and ventricular extrasystoles, presence of ventricular 
couplets and duration of nonsustained ventricular tachycardia, 
if present, were d termined. 
Cardiopulmonary exercise testing. Graded exercise using an
electrically braked cycle ergometer was performed in the 
upright position to assess cardiopulmonary status. The pa- 
tient's heart rate and rhythm were continuously monitored 
with a three-lead ECG. Blood pressure was measured by an 
automated cuff at 1-min intervals. Breath-by-breath collection 
of expired gases was obtained using a metabolic cart (Sensor- 
medics 4400); results are reported as 15-s averages. Standard 
techniques were used to determine ventilatory volume during 
exercise. 
After a l-rain warm-up phase against minimal resistance, 
the work load was increased continuously by 100 kilopond- 
meters (kpm) per rain starting at 200 kpm. Exercise continued 
until a symptom-limited maximum was obtained. The ventila- 
tory anaerobic threshold was determined by analysis of the 
expired gases. The threshold was determined asthe breakpoint 
of the nonlinear increase in ventilation relative to increasing 
oxygen consumption a d was verified by the point at which the 
ventilatory equivalent for oxygen increased without a corre- 
sponding increase in ve tilatory equivalent for carbon dioxide. 
Radionuclide ventriculography. Before initial exercise test- 
ing, the patient received red blood cell labeling with 20mCi of 
technetium-99m pertechnetate using a standard modified in 
vivo technique. Gated radionuclide angiography (Apex 409 
Elscint camera) was performed at rest in three views (anterior, 
lateral and best septal view individualized according t  anato- 
my). To obtain exercise ventriculography, t e patient under- 
went a second exercise protocol with warm-up of 1 rain at 
200 kpm, after which the exercise load was increased to 70% of 
the patient's previous maximal work load. P tients ustained 
exercise at this level for 2 min to attain steady state and an 
additional 1min for nuclear data acquisition, measured in the 
previously determined best septal view. The ejection fraction 
was then analyzed by an experienced independent observer 
with commercially available software using background sub- 
traction from an djacent pulmonary area. 
The study protocol was approved by The Toronto Hospital 
Human Ethics Committee. 
Echocardiography. The majority of patients had echocar- 
diograms recorded uring the time course of the present study. 
Exact time of studies did not routinely correspond to the dates 
for cardiopulmonary assessment. Studies obtained within 1 
year of the cardiopulmonary test were reviewed for systemic 
ventricular dimensions, wall thickness and systemic atrioven- 
tricular (AV) valve regurgitation. All measurements were 
obtained from the left parasternal long-axis view ith the 
patient in the left lateral position. Valvular regurgitation was 
assessed semiquantitatively on the basis of color flow Doppler 
and pulsed Doppler analysis. 
Data analysis. The Fontan and control groups were com- 
pared for exercise, pulmonary function and cardiopulmonary 
and radionuclide variables. Comparison of rest and exercise 
ejection fractions within the control r Fontan group was made 
using the paired t test. For comparisons of rates, the chi-square 
or Fisher exact test was used where appropriate. Stepwise 
multiple linear regression was u ed to determine potential 
independent predictors of objective measures of exercise per- 
formance. All analysis was obtained using SPSS for Windows 
version 6.0.1 (SPSS Inc.). 
Resu l ts  
Clinical outcome. Forty-seven patients have been followed 
at the Toronto Congenital Cardiac Centre for Adults since 
March 1989. Twenty-one patients were in functional class I, 22 
i  class II, 3 in class IlI and 1 in class IV. There have been 
three deaths late after initial Fontan operation during the 
4.5-year follow-up period. The patient in functional class IV 
had tricuspid atresia with an atriopulmonary valved conduit. 
Twelve years after initial operation, she underwent reopera- 
tion for conduit obstruction. She di d 3 days after operation. A 
second patient with a single ventricle developed mitral regur- 
gitation and right atrial thrombus 7 years after initial operation 
and died during thrombectomy and valve replacement. The 
third patient had a complex form of tricuspid atresia with 
azygous continuation; he had developed severe a teriovenous 
malformations in his lungs, resulting i  cyanosis and clubbing. 
He was considered inoperable nd died out of hospital 10 years 
after his Fontan operation. Average age at time of death was 
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Table 1. Clinical Characteristics of 30 Patients With 
Cardiopulmonary Testing Compared With Those of All 47 With 
Fontan Repair 
Total Fontan 
Study Group Repair Group p 
(n = 30) (n = 47) Value 
Table 2. Comparison f Functional C ass and Medication Use in 
Study and Total Fontan Repair Groups 
Total Fontan p 
Study Group Repair Group Value 
[no. (%) [no. (%) (Pearson 
of pts] of pts] chi-square) 
Male gender 18 (60%) 26 (55%) 0.69 CCS functional class 
Female gender 12 (40%) 21 (45%) I 13 (43%) 21 (45%) 
Age at operation (yr) 20.0 _+ 8.7 19.0 - 7.8 II 15 (50%) 22 (47%) 
Age at follow-up (yr) 26.6 _+6.6 25.7 -_ 6.3 Ill 2 (7%) 3 (6%) 
Native anatomy IV 0 1 (2%) 
Tricuspid atresia 1 14 (47%) 19 (40%) 0.67 Medications 
Tricuspid atresia II 5 (17%) 6 (13%) None 9 (30%) 16 (34%) 
Univentricle 11 (37%) 22 (47%) Diuretic drugs 4 (13%) 7 (15%) 
Operation Digoxin 13 (43%) 19 (40%) 
RA-PA 18 (60fJ~) 31 (66%) 0.90 Antiplatelet agents 8 (27%) 8 (17%) 
RA-PA valved 1 (3%) 2 (4%) Anticoagulant agents 5 (17%) 6 (13%) 
RA-RV valved 10 (33%) 12 (26%) Antiarrhythmic agents 4 (13%) 6 (13%) 
SVC-PA 1 (3%) 2 (4%) ACE inhibitor 1 (3%) 3 (6%) 
Other 10 (33%) 14 (30%) Data presented are mean value +_ SD or number (%) of patients. PA - 
pulmonary artery; RA = right atrium; RV = right ventricle; SVC = superior ACE - angiotensin-converting e zyme; pts = patients. 
vena cava. 
0.88 
21.9 years, a mean of 9.7 years after the initial Fontan 
operation. 
Late reoperation after initial Fontan was necessary in 10 of 
the 47 patients in our study group. Reason for reoperation was 
conduit obstruction i  nine patients, and the remaining patient 
had developed a right atrial thrombus and significant AV 
regurgitation. Among the nine patients with conduit obstruc- 
tion, eight bad a valve within their conduit (seven with AV 
connections, one with valved right atrial to pulmonary artery 
connection). Reoperation was performed at a mean of 8.2 + 
2.8 years (range 3.6 to 12.3 years) after the initial Fontan 
operation. Two of these patients died after operation; three 
are now in functional class I and five in class II. 
Of the total of 47 patients, 30 consented to the detailed 
follow-up protocol. The reason for refusal in the remaining 17 
patients included geographic distance (6 patients), pa ient 
unwilling to cooperate (8 patients), attempting pregnancy (1 
patient) and death before the scheduled tests (2 patients). 
Tables 1 and 2 compare the characteristics of the 30 patients 
who underwent cardiopulmonary testing with those of all 47 
with Fontan repair. Overall, the age at operation, age at 
follow-up, type of anatomy, type of operation and functional 
class were completely comparable between the two groups. 
Therefore, there was no detectable inadvertent bias in the 
subgroup that underwent detailed testing. 
Clinical assessment. The functional classes of patients who 
had cardiopulmonary testing are shown in Table 2. The 
majority of our patients had a relatively high subjective evalu- 
ation of their exercise capacity and thought that there was no 
major limitation to their activities. 
Arrhythmias. During follow-up of the 47 patients, 29 did 
not have a documented history of clinically significant arrhyth- 
mia. One patient was receiving therapy for a remote history of 
ventricular tachycardia and atrial flutter and died during 
follow-up. One patient had complete heart block and was 
pacemaker dependent. Sixteen patients had clinically recog- 
nized atrial arrhythmias; 1 of these 16 presented with a 
transient ischemic attack, and 1 presented with heart failure. 
Four patients have required pacemakers for sick sinus syn- 
drome. Six patients were receiving antiarrhythmia medication 
other than digoxin to control their atrial arrhythmia. Each of 
the three patients who died had a history of arrhythmia. 
The 30 patients who underwent exercise testing also had 
24-h ambulatory ECG monitoring. The predominant rhythm 
was sinus in 21 patients; 4 patients had either atrial flutter or 
fibrillation; 2 had ectopic atrial tachycardia; 1 h d accelerated 
junctional tachycardia; nd 2 patients were in a paced rhythm. 
Two patients in predominantly sinus rhythm had brief runs of 
atrial arrhythmia on 24-h monitoring. Three patients had an 
average of >30 ventricular premature beats/hour; an addi- 
tional two patients had ventricular couplets. There was no 
documented ventricular tachycardia during monitoring. 
Exercise capacity. The maximal work load attained by the 
Fontan group was significantly lower at 548 _ 171 kpm than at 
1,094 _+ 190 kpm in the control group (p < 0.00001). The 
Fontan group reached amean maximal heart rate of 151 _+ 24 
beats/rain, which was significantly lower than that of 178 _ 19 
beats/min reached by the control group (p < 0.01). 
As shown in Table 3, peak ventilation i  the Fontan group 
was -50% of the level in the control group. The anaerobic 
threshold and peak oxygen consumption during exercise were 
also compared; both of these measures were significantly lower 
in the Fontan patients. The anaerobic threshold was -50%, 
and the peak oxygen consumption <50%, of the level mea- 
sured in the control group. 
Ventricular function. Systemic left ventricular ejection 
fraction at rest is shown in Figure 1. In the Fontan group the 
mean left ventricular ejection fraction was 38 _+ 12%, which 
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Table 3. Cardiopulmonary Exercise Assessment of Patients With 
Fontan Repair Compared With Control Subjects 
Control Fontan 
Subjects Repair p 
(mean _+ SD) (mean - SD) Value 
Maximal work load 1,094 z 190 548 _+ 171 < 0.00001 
(kpm) 
Maximal ventilation 107 _+ 17 57 _+ 18 < 0.00001 
(liters/min) 
Maximal oxygen 42.2 _+ 10.0 14.8 _+ 4.5 < 0.00001 
consumption 
(ml/kg per rain) 
Anaerobic threshold 23.6 _+ 4.6 11.2 _+ 2.9 < 0.00001 
(ml/kg per min) 
kpm = kilopond-meters. 
abnormalities and differing forms of surgical corrections of 
their venous ventricular connections. 
Subgroup analysis. We analyzed the cardiopulmonary data 
for possible differences between subgroups of the Fontan 
group. Stepwise multiple linear regression was used to model 
the following variables: work load, anaerobic threshold and 
maximal oxygen consumption as a function of gender, age at 
operation, time since operation, age at follow-up, ejection 
fraction at rest, underlying anatomy (tricuspid atresia vs. 
univentricular connection), surgical connection (atriopulmo- 
nary vs. AV) or previous Glenn operation. For maximal work 
load, patient gender was found to be a significant variable 
(600 _+ 178 kpm for men, 470 _ 132 kpm for women, p < 0.05). 
There were no significant independent predictors for anaero- 
bic threshold or maximal oxygen consumption. 
was significantly less than that in the control group (58 + 7%, 
p = 0.0001). During exercise, ejection fraction in the Fontan 
group increased to 40 + 15% (p < 0.05). In the control group 
ejection fraction increased uring exercise to 70 _+ 8% (p < 
0.002). Ejection fraction during exercise remained significantly 
lower in the Fontan group than in the control group (p < 
0.0001). 
Eehocardiographic assessment. Echocardiograms ob- 
tained within 1 year of the cardiopulmonary test were available 
for 26 patients. Systemic ventricular size in diastole was 54.7 + 
8.5 mm. Septal and posterior wall thicknesses were 10.4 + 2.2 
and 9.8 _+ 1.2 ram, respectively. Atrioventricular valve regur- 
gitation was judged to be moderate (2+) in three patients; the 
remaining 23 patients had no or mild regurgitation. Quantita- 
tive estimation of pulmonary pressures was not routinely 
attempted in this group of patients because of the multiple 
Figure 1. Ventricular ejection fraction at rest and at peak exercise in 
control subjects and patients with he Fontan repair. Ejection fraction 
increased with exercise in both the Fontan (p < 0.05) and control (p < 
0.002) groups. Ejection fraction in patients with the Fontan repair was 
significantly lower than that in the control group both at rest and 
during exercise (p < 0.0001). Data shown are mean value (columns) _+ 
SD (vertical bars). 
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Discuss ion  
Summary of results. In the present study we reported the 
results of detailed cardiopulmonary testing in 30 patients late 
after Fontan operation. This group was drawn from a total of 
47 patients with a Fontan procedure who are still followed at 
the Toronto Congenital Cardiac Centre for Adults. The ma- 
jority of patients not included in the study either refused 
cardiopulmonary testing or lived a significant distance from 
our center and could not arrange to be available for exercise 
assessment. In the Fontan group there have been three deaths 
late after repair during 4.5 years of follow-up; two deaths were 
related to reoperation. Ten patients have required reopera- 
tion, nine for conduit obstruction and one for AV valve 
regurgitation. Sixteen patients have had documented atrial 
arrhythmias, ix of whom required antiarrhythmic medication 
other than digoxin. Five patients are paced, one for complete 
heart block and four for sick sinus syndrome. Exercise testing 
has demonstrated significant limitations in cardiac function, 
with reduced ejection fraction at rest and during exercise 
accompanied by reduced anaerobic threshold and reduced 
oxygen consumption. 
Previous studies of functional assessment. Previous re- 
ports of patient functional status are self-graded in terms of 
New York Heart Association functional class (2-4,7,18), 
sometimes by telephone and mail surveys of patients (5,6,8). 
The patients described in these reports have included all age 
groups, with the exception of one report (18) that focused on 
operation in the adult. All of the reports have uniformly 
described an excellent degree of functional capacity, with 80% 
to 93% of patients in class I or II. Although on average older 
than the patients described in these other reports, our patients 
also described high clinical function, with 91% of the adult 
Fontan group in functional class I or II. 
Reports of good subjective clinical function are in distinct 
contrast o objective measures of exercise capacity. An early 
study of five patients after Fontan repair (mean age at opera- 
tion 13.8 years) with class I function showed cardiac index and 
oxygen extraction to be significantly less than that in a control 
group (11). These findings have been confirmed in a separate 
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study obtained for another group of 18 patients in functional 
class I after Fontan repair (mean age at operation 12.5 years) 
(17). The group of 30 patients who had cardiopulmonary 
assessment a our center were representative of our total group 
of patients with a Fontan repair. This group clearly showed a 
significant reduction in maximal work load, anaerobic thresh- 
old and maximal oxygen consumption compared with a group 
of age-matched normal subjects. These levels of exercise 
performance and oxygen consumption are compatible with 
those found in patients with congestive heart failure (20). 
When the performance of our patients was compared with that 
of patients with heart failure, 5 patients were classified as 
having mild, 17 moderate and 4 severe heart failure. Clearly 
there is a vast discrepancy between the patient's and clinician's 
assessment of functional capacity versus objective cardiopul- 
monary testing. This discrepancy suggests that the subjective 
clinical assessments of our Fontan group are not sensitive to 
their cardiovascular limitations, probably because of the 
chronic nature of their cardiac condition and the lack of a 
normal "yardstick" for comparison i the patient's lifetime. 
Mechanisms of functional limitation. A number of inves- 
tigations have attempted to define the mechanism of cardiac 
response to exercise in the post-Fontan circulation. In our 
patients the heart rate at rest was normal and was seen to 
increase with exercise. However, peak heart rate in response to 
exercise was significantly reduced compared with that in the 
control group, suggesting a degree of chronotropic ncompe- 
tence. This pattern of heart rate response to exercise has also 
been observed by others (14,15). Our exercise data showed an 
abnormal ejection fraction both at rest and with exercise. We 
measured ejection fraction at rest as 38 + 12%. This estimate 
is less than the jection fraction at rest measured by others 
using contrast angiography (range of reported mean values 
50% to 66%) (2,11,21). Ejection fraction at rest measured by 
others using radionuclide angiography was 39% in a group of 
patients with a single ventricle (l(I) and ranged from 43% to 
56% in three studies in patients with mixed anatomy (9,12,13). 
Because our patients were older than those in previous reports, 
it is possible that this trend to a lower ejection fraction may be 
caused by increasing age and the toll taken by long-term stress 
on the myocardium, leading to left ventricular dysfunction. 
However, we were unable to find a statistically significant effect 
of age on measured ejection fraction within our own patient 
group. Two centers have reported ejection fraction during 
exercise as measured by radionuclide angiography; both have 
demonstrated a small increase in ejection fraction with exercise 
(12,13). Our study in a larger group of patients also demon- 
strated a small but statistically significant increase in ej ction 
fraction, from 38 _+ 12% to 40 _+ 15%. 
The success of the Fontan operation is dependent on low 
systemic ventricular end-diastolic pressure, absence of systemic 
AV valve regurgitation and low pulmonary artery pressures 
(22). Of the patients with echocardiographic assessment of 
systemic AV valve function, only two had more than mild 
regurgitation. Ventricular end-diastolic pressure was not di- 
rectly measured, and it is uncertain whether the Doppler 
patterns usually associated with left ventricular diastolic dys- 
function or elevated left atrial pressure are reliable for esti- 
mating pressures in this patient cohort. Similarly, abnormal 
ventricular geometry limits the use of usual techniques for 
accurate stimation of left ventricular mass. Clearly, these 
features hould be studied in more detail in the future. 
Influence of age on cardiac function. Surgical reports of 
the Fontan operation in adults have been good (5,6,18), 
although risk of late mortality persists (7,8), with risk increas- 
ing at 6 years after operation (4). The deaths of 3 of our 47 
patients confirm a continuing risk of death in this population. 
Influence of patient age on the outcome of the Fontan 
operation isalso seen as a gradual shift from functional classes 
I and II to classes II and III (4). The average time since initial 
Fontan operation in our patients was 6.7 years. Despite this 
length of time, over 90% of our patients continue to report 
class I or ll function. 
In the 30 patients who had cardiopulmonary assessment, we 
were unable to observe a significant correlation in our data 
with age at operation, age at exercise or time since operation 
(using either time since first Fontan operation r time since 
most recent Fontan operation). This is in contrast to reports of 
a negative correlation between exercise tolerance and both age 
at operation and age at time of evaluation (14). This discrep- 
ancy could be explained by the predominance of adults in our 
study, in whom the possibility for ventricular remodeling may 
be reduced. One study (23) serially measured exercise duration 
and maximal oxygen uptake in patients after Fontan repair and 
found no change over 2.2 years. 
Influence of anatomy on cardiac function. We did not 
detect adifference inwork load, anaerobic threshold or oxygen 
consumption between patients with an atriopulmonary connec- 
tion and those with a valved AV connection. The lack of an 
observed difference may be related to the small number of 
patients in the study. Other clinical studies have compared 
patients with nonvalved atriopulmonary connections with those in 
whom the subpulmonary ventricle is included by a valved 
connection. No differences were found in peak work load (17), 
survival or functional class (24). One study (14) observed a
higher exercise tolerance for patients with atriopulmonary 
connection than for patients with the right ventricle within the 
circuit; however, the effect of a greater proportion of older 
patients in the latter group may have confounded this result. 
Summary. We observed a reduction in objective measures 
of cardiac function present late after the Fontan operation, 
which is significantly worse than the subjective clinical assess- 
ment of these patients. This observed contrast highlights the 
ditficulty that physicians caring for the adult after the Fontan 
operation may have in judging the capacity of these patients 
unless objective and comprehensive exercise data are also 
utilized in their evaluation. 
We acknowledge th  technical assistance of Andre Laprade inobtaining the 
exercise physiok)gy data. 
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